Abstract. Porcine follicular oocytes matured in a modified Krebs-Ringer solution were microinjected with glutathione (GSH) and their male pronucleus (mPN) formation ability was examined after in vitro fertilization. While viability of the oocytes injected with 140 pl vehicle solution (91%) was comparable with non-injected control (93%), microinjections of 35 pl and 140 pl of GSH solution (240 mM) decreased oocyte viability dose dependently (76% and 47%, respectively), showing a toxicity of the highly concentrated GSH solution. Male PN formation rate was low in the control (23%) and was not affected by injection of vehicle solution (17%). In contrast, a microinjection of both 35 and 140 pl GSH solution increased the ability significantly (52% and 53%, respectively). These rates were, however, significantly lower than the rate (70%) of those matured in porcine follicular fluid, which have been suggested to be comparable with in vivo matured oocytes. These results suggest that the low mPN formation ability in the porcine oocytes matured in vitro might be attributed in part to their low intracellular GSH concentration.
I n vitro matured oocytes have been reported to have lower male pronucleus (mPN) formation ability than in vivo matured oocytes in various mammalian species, although the cytoplasmic differences between these oocytes have not been fully explained [1] . The reduction of protamine disulfide bridges in the sperm head is a prerequisite for mPN formation, and glutathione (GSH), the major intracellular free thiol, has been suggested to play a_critical role for the protamine reduction [2] [3] [4] [5] . The low and high GSH levels have been reported in immature and mature hamster oocytes, respectively, and the inhibition of GSH synthesis during oocyte maturation caused the decrease in mPN formation ability of the oocytes [3, 5] . The addition of cysteine, a precursor of GSH, into the maturation medium of porcine oocytes elevates their mPN formation ability [6] . Therefore, it is conceivable that the GSH level might be related to mPN formation ability in in vitro matured mammalian oocytes and the elevation of their intracellular GSH level might improve the ability.
In the present study, to investigate the hypothesis described above, GSH was microinjected into in vitro matured porcine oocytes which have been shown to have very low mPN formation ability [7, 8] , and their mPN formation was examined after in vitro fertilization.
Materials and Methods
Porcine follicular oocytes were collected as described previously [7] . Briefly, gilt ovaries were NAITO et al. obtained from a slaughterhouse and carried to the laboratory within 40 min kept in saline at 37-39C. Follicular oocytes were collected from mediumsized follicles (2-5 mm in diameter). Groups of 10 oocytes were matured in 0.1 ml modified KrebsRinger bicarbonate solution (mKRB) [9] containing 1.0 IU/ml PMSG (Peamex, Sankyo Co., Japan) pH 7.4, for 44 h at 37C under an atmosphere of 5% CO2 in air. Following the maturation culture, the oocytes were treated with 150 U/ml hyaluronidase (Sigma, Type IV-S) in mKRB for 1 to 3 minutes, then surrounding cumulus cells were removed by repeated pipetting with a fine-bore pipette. The denuded oocytes were transferred to mKRB buffered with 20 mM Hepes (pH 7.4) for microinjection. Microinjection was performed on an inverted microscope (Zeiss) equipped with a micromanipulator (Zeiss) and a microinjector (Eppendorf, 5242) which can control the volume of injecting solution. GSH (Sigma, reduced form, G4251) was dissolved in a vehicle solution (100 mM KC1, 0.5 mM MgCl2, 0.1 mM CaC12) at a concentration of 240 mM, and 35 pl or 140 pl of the GSH solution was microinjected near the center of the ooplasm. The amounts of injected GSH were 8.4 and 31.2 pmol and the concentrations in ooplasm were calculated to be about 10 mM and 40 mM, respectively, on the assumption that GSH was dispersed in cytoplasm homogenously. Some oocytes were not injected or injected with only the vehicle solution (140 pl) without GSH. The oocytes were freed from zona pellucida by the treatment of acidic Ringer's solution [10] for about 10 seconds, then transferred into mKRB containing 2 mM caffeine (Wako Pure Chemical Ind., Japan) at a concentration of about 30 oocytes par 0.2 ml. They were subjected to fertilization in vitro within 2 h after the start of microinjection.
Oocytes matured in porcine follicular fluid (pFF) containing 1.0 IU/ml PMSG under the same condition were also prepared as described previously [7] . Since such oocytes had a high mPN formation and a high developmental ability comparable to those of in vivo matured oocytes [7, 8, 11] , they were not injected but used only for in vitro fertilization after cumulus and zona pellucida removal as a positive control of the mPN formation. Examining the influences of cumulus and zona pellucida removal on mPN formation, intact oocytes matured in mKRB and pFF were also cumulus removal and presence of zona pellucida, the oocytes were hardly penetrated (data not shown). After zone removal, however, more than half of the oocytes were penetrated. Male PN formation rates of the zona-free oocytes (14.6 and 77.6% for the oocytes matured in mKRB and pFF, respectively) were not significantly different from those in intact oocytes matured in both maturation media.
The results of GSH microinjection were shown in Table 2 . Viability of vehicle-injected oocytes was high (91%) and not significantly different from those of non-injected oocytes (93-95%). On the other hand, viabilities of the oocytes injected with 35 and 140 pl of 240 mM GSH solution were significantly decreased with dose-dependency (78% and 47%, respectively).
The rates of penetrated oocytes were relatively low (42-54%), and were not statistically different among all groups. Seventy-four to 90% of the penetrated oocytes were activated and formed female PN in all experimental groups.
Male PN formation ability of oocytes was not affected by the injection of the vehicle solution (17%). In contrast, when GSH was injected into the oocytes matured in mKRB, mPN (Fig. 1) were formed in significantly higher percentages in both 35 pl and 140 pl groups (52% and 53%, respective- Table 1 . Male pronucleus (PN) formation of zona intact and zona free porcine oocytes matured in vitro Table 2 . Viability and male pronuclei formation of porcine oocytes microinjected with glutathione (GSH) NAITO et al. ly) than non-injected or vehicle injected oocytes. However the percentages did not reach the level of oocytes matured in pFF (70.0%).
Discussion
Male PN formation rates of porcine oocytes matured in mKRB in vitro were low, and agreed well with previous reports [7, 8, 16, 17] . These results support our concept that the porcine oocytes matured in reported culture media in vitro are deficient in some cytoplasmic components involved in mPN formation, although no molecular evidence for the deficiency have been obtained. The low level of disulfide reducing power in the oocytes matured in vitro might be a likely candidate for the deficiency, because the reduction of protamine disulfide bridges in the sperm head has been suggested to be one of the critical processes for mPN formation [2] [3] [4] [5] . The high viability of the vehicle-injected oocytes indicates the method of microinjection and composition of the injected solution were not detrimental to the porcine oocytes. An unexpected result is the decrease of the viability in the oocytes injected with 35 pl of GSH solution (240 mM) which was calculated to be about 10 mM in the cytoplasm on the assumption that the solution was dispersed homogenously in the ooplasm. Since the cytosolic GSH concentrations have been reported about 4 mM and 8 mM in immature and mature hamster oocytes, respectively [3, 5] , the concentration in the microinjected porcine oocytes was a little higher but might be within physiological range. Therefore, the toxicity might be exhibited by the high concentration of GSH solution before dispersed homogenously in the cytosol. Since GSH functions directly or indirectly in many important biological phenomena, including the synthesis of proteins and DNA, transport, enzyme activity, metabolism, and protection of cells [18] , a locally high concentration of GSH in the oocytes would induce an irreversible collapse of homeostasis.
The porcine oocytes were fertilized in vitro after zona removal, because the penetration rate of oocytes with zona pellucida was very low. These low rates might be attributable to the removal of cumulus matrix [19, 20] , and/or to stored spermatozoa instead of fresh *material [15] . The present result which shows no differences in mPN formation rate between intact and zona-free oocytes indicates that the treatment for zona removal and the absence of zona pellucida at insemination did not affect the mPN formation ability of the porcine oocytes.
When the cytosolic reducing power in the porcine oocytes matured in mKRB was elevated by addition of 35 pl GSH solution, mPN formation ability of the oocytes increased significantly. Since the cytosolic GSH concentration of these oocytes seems to be in physiological range as described above, the present result strongly suggests that the low reducing power, possibly low GSH concentration, in the ooplasm contributes, at least in part, to the low mPN formation in the porcine oocytes matured in mKRB.
On the other hand, the mPN formation rate of these oocytes did not reach the rate of those matured in pFF, which have been suggested to be physiologically normal by their high mPN formation and high developmental abilities [7, 8, 11] . Therefore, we injected higher amount (140 pl) of GSH solution into the oocyte matured in mKRB, but the rate of mPN formation did not increase anymore in the present study. Explanation of these results would be an irreversible damage of the oocytes by the micro injection and/or the presence of other factor(s) involving mPN formation and deficient in the oocytes matured in mKRB. Borsuk [21] has suggested that the high maturation promoting factor activity is necessary for removing sperm nuclear membrane. We have recently found a high activity of this factor in porcine oocytes matured in pFF [22] and significantly lower activity in those matured in mKRB [23] . Therefore, this activity might be a strong candidate of the factor contributing the low mPN formation in porcine oocytes matured in mKRB.
